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MODULAR CUBOIDAL PASSIVE
TEMPERATURE CONTROLLED SHIPPING
CONTAINER

BACKGROUND

The shipment of temperature-sensitive goods 1s extremely
difficult when the shipping container itself 1s not indepen-
dently temperature-controlled; ie., does not have an 1nde-
pendent power source for maintaining interior temperatures
within close parameters. Of course, 11 1t 1s merely desired to
maintain an object to be shipped at a nominally cooled
temperature—relative to the ambient exterior tempera-
ture—a common practice 1s to pack a shipping container
with 1ce, and hope that the 1ce will remain 1 a frozen state
during transit so that the object shipped will arrive at 1ts
destination still cooled below ambient temperature. This can
be an adequate technique for shipping objects where tem-
perature control 1s not critical. However, even 1n this case,
the temperatures at different points inside the shipping
container will vary widely, with parts of the interior of the
container becoming quite cool, and other parts of the interior
warming to various degrees, depending on time and the
distance and spatial relationship of the shipped object to the
cooling 1ce which remains 1n the container.

Goods such as medical supplies, blood, and vaccines are
often extremely temperature sensitive and need to be main-
tained within a given temperature range. Transport 1s par-
ticularly challenging. Such temperature sensitive goods are
shipped to a variety of destinations where the ambient

outside temperature varies from extreme cold to extreme
heat.

SUMMARY OF THE INVENTION

A first aspect of the present claimed mvention 1s a thermal
insulating kit. The kit includes an outer shell and at least four
separate and distinct i1dentically sized phase change mate-
rial-containing panels wherein each panel i1s shaped as a
frustum of a right pyramid.

A second aspect of the present claamed invention a
method of assembling a thermal insulating enclosure. The
method includes the steps of: (1) obtaining an outer shell
defining a retention chamber having a top, bottom and at
least four sides, (b) obtaining at least four separate and
distinct 1dentically sized thermally conditioned phase
change material-containing panels wherein each panel 1s
shaped as a frustum of a right pyramid; and (c) placing the
thermally conditioned phase-change material-containing,
panels within the retention chamber of the outer shell with
cach panel abutting at least two other panels to define a
thermal controlled interior volume defining a top, a bottom
and at least four sides.

A third aspect of the present claimed invention 1s a
thermal insulating enclosure. The enclosure 1s formed from
and includes at least five separate and distinct 1dentically
s1zed thermally conditioned phase change material-contain-
ing panels each shaped as a frustum of a right pyramid
wherein each panel abuts at least three other panels to define
a thermal controlled interior volume.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of one embodiment of a
single, phase change material-containing panel of the pres-
ent claimed 1nvention.
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FIG. 2 1s an exploded perspective view of a plurality of
panels configured and arranged to form a thermal 1nsulating
enclosure.

FIG. 3 depicts a plurality of panels of FIG. 1 interlocked
to form a thermal retention chamber.

DETAILED DESCRIPTION OF A PR
EMBODIMENT

(L]
Y

ERRED

Nomenclature

10 Phase Change Material-Containing Panel

12 Top Phase Change Material-Contaiming Panel

14 Side Phase Change Material-Containing Panel

16 Bottom Phase Change Material-Containing Panel

17 Inner Surface of Phase Change Material-Containing
Panel

18 Outer Surface of Phase Change Material-Containing

Panel
19 Fill Port Collar (Pinched and Sealed)

20 Beveled Side

22 Panel Edge

30 Thermal Insulation Panels

40 Outer Shell

100 Thermal Insulating Enclosure

102 Thermal Controlled Interior Volume
Construction

Retferring to FIGS. 1-3 the invention 1s directed to a
thermal insulating enclosure 100 comprising a plurality of
separate and distinct phase change material-containing pan-
cls 10 (hereinafter “PCM panels™) all configured and
arranged to form a retention chamber 102. The PCM panel
10 1s a frustum of a right pyramid and all four edges 22 of
the top 12, bottom 16 and side panels 14 are 45° angles or
bevels 20.

The present claimed invention depicts a thermal shipping
container 100 comprising the PCM panels 10 defining an
inner surface 17 and an outer surface 18. The PCM panels
10 are filled with a phase change material. The container 100
may have an outside shell 40 made from corrugated card-
board or the like holding the interconnected PCM panels 10
in a cube structure. Inserted snugly 1nto the outer shell 40 1s
insulation 30 which at least partially covers the outer surface
18 of the PCM panels 10. The nsulation may be a vacuum
insulated panel 30, Styrofoam or the like, or any material
having, good insulation qualities, 1e., having a high thermal
resistance “R”. The article to be shipped 1s typically placed
in the retention chamber 102, and then the thermal 1nsulating
enclosure 100 1s sealed and shipped.

All of the abutting edges 22 of the PCM panels 10 are 45°
bevels 20. Uniform side edges 22 at 45° bevels 20 may
sealingly fit with any other 45° beveled edge 22 to form a
retention chamber 102. This uniformity allows a user to
casily construct a thermal insulating container 100 because
all panels 10 are the same dimensions and are interchange-
able. Replacement of damaged panels 10 1s also simplified
because all panels 10 are interchangeable due to the uniform
abutting edges 22.

One embodiment of the thermal insulating enclosure 100
allows for six 1identical PCM panels 10 to interlock together
inside an outer shell 40. Insulation 30 may be placed
between the interlocking PCM panels 10 and the outer shell
40. Foam, thermal insulation panels 30 or other known
insulation materials may be used. The PCM panels 10, filled
with a temperature controlling phase change material, form
a retention chamber 102 that completely and efliciently
surrounds the article to be shipped. An eflicient cube struc-
ture maximizes thermal performance of the thermal msulat-
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ing enclosure 100 by minimizing thermal leakage from the
corners and panel edges 22. The 45° bevels 20 seal the PCM
panels 10 together so that there are no major areas that hot
or cold air can bypass and atlect the payload directly keeping
the retention chamber 102 at a stable temperature. The 45°
bevels 20 act as uniform mating surfaces for the intercon-
necting PCM panels 10 allowing for simple and easy
replacement ol damaged panels 10.

Further insulation may be provided by inserting thermal
insulated panels 30 between the outer shell 40 and the outer
surface 18 of the PCM panel 10. The vacuum or thermal
insulated panels 30 may insulate all sides 14, top 12 and
bottom 16 of the enclosure 100.

A second embodiment of the present invention comprises
using only four interconnected PCM panels 10 as the side
panels 14 of the retention chamber 102. Vacuum 1nsulated
panels 30, rather than PCM panels 10, can be used for the top
12 and bottom 16 of the thermal nsulating enclosure 100.
The enclosure 100 1s sealed within an outer shell 40. The
given embodiment does not provide optimal insulation
because of the top 12 and bottom 16 of the enclosure 100 are
insulted by only thermal insulated panels 30. However,
because of the presence of PCM panels 10 insulating four
sides of the enclosure 100, the overall insulation quality 1s
increased when compared to alternative enclosures with
only vacuum or thermal insulated panels 30.

The i1dentical phase change material containing PCM
panels 10 cut costs associated with tooling and manufactur-
ing since only one PCM panel 10 size must be produced.
Also, an end user need only store a single type of PCM panel
10 since any PCM panel 10 is interchangeable with another
at any position on the retention chamber 102.

The PCM panels 10 may contain diflerent phase change
material. Ice can be referred to as a phase change material
(hereafter “PCM”), which 1s characterized as a matenal
which changes from a solid to a liqud at a “melting point™
temperature, or from a liquid to a solid at the same “melting,
point” temperature, as thermal energy 1s either absorbed or
released by the PCM, thus acting as a heat source or heat
sink, depending on the circumstances.

Most solids are characterized by crystalline form, wherein
the angles between adjoining faces are definite for a given
type of crystal, and cleavage planes exist along which the
crystal may be split. The structure 1s made up of units,
(molecules, atoms or 10ns) arranged 1n a {ixed, symmetrical
lattice, the shape of which 1s dependent on the size and
arrangement of the underlying units which are packed
together. As a solid, the underlying molecules or other
constituents are no longer able to move freely, as they are 1n
the gaseous or liquid states.

When a crystalline solid 1s heated to a fixed temperature,
it melts, or changes to a liquid. The “melting point” 1s a
definite temperature for a given substance, and may be
defined as the temperature when a solid and liquid are at
equilibrium. For example, 1f the substance 1s a mixture of
water and 1ce, at 1ts melting point (0° C.), the 1ce and water
remain in contact, with no tendency for one state to change
to the other. This 1s the only temperature at which this
condition exists; at temperatures above 1t the substance
becomes liquid water, and at temperatures below it the
substance becomes ice.

At the melting point temperature, the vapor pressures of
the solid and liquid forms of a substance are the same;
otherwise, one state would be converted into the other by
passing through the gaseous condition. When liquids are
cooled to the melting point and further quantities of heat are
removed the liquid generally freezes with some liquid
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remaining. This solid and liquid mixture 1s at an equilibrium
and at the same melting point temperature. However, 11 no
solid crystals are present and 11 the liquid 1s not agitated, the
temperature of liquids may be lowered below their normal
freezing points without solidifying. These “supercooled”
liquids have a higher vapor pressure than the solid form of

the substance and hence a condition of equilibrium cannot
exist.

Although molecules or other units of solids cannot move
treely, nevertheless they possess thermal energy of motion 1n
the form of vibration about fixed positions in the lattice
structure. Heat must be supplied to a solid 1n order to raise
its temperature to the melting point, where 1t transforms
from a solid to a liquid, remaining at the melting point
temperature until the transformation, 1s complete. If heat 1s
removed from a liquid, 1ts temperature drops until 1t reaches
the melting point, and the liquid remains at the melting point
temperature until 1t becomes transformed into a solid.
Increase ol temperature causes the molecules to vibrate
more and more, until, at the melting point, this motion
overcomes the binding forces in the crystal and the sub-
stance gradually passes mnto the liquid state. Therefore, a
definite amount of heat, called the ‘“heat of fusion”, i1s
required to separate particles from the crystal lattice. The
“heat of fusion™ 1s defined as the amount of heat (1n calories)
required to change one gram of the solid to a liquid, at the
melting point. For 1ce, the heat of fusion 1s 79 calories (144
Btu/pound).

I1 1t were desired to ship an article 1n an insulated package,
and assuming 1t were necessary to maintain the article at a
temperature below the expected ambient temperature to be
encountered along the shipping route, 1t would be the normal
practice to place the article and a packet of ice into the
container and then ship it. The amount of 1ce required, and
the size ol the shipping container, would be estimated,
depending upon the shipping time and the expected ambient
temperature along the route, 1t being hoped that the article
would arrive at its destination still cooled to a reasonable
temperature below ambient.

The uncertainties of the foregoing example are evident,
although the technique 1s commonly used when maintaining
the temperature of the article 1s not critical, or when the
article 1s sufliciently inexpensive to not require better han-
dling. Other difliculties exist with the common technique;
for example, the distribution of temperatures within the
container 1s highly nonuniform. This i1s because the thermal
flux entering the container flows from the outside ambient to
the PCM over many diflerent paths. After flowing through
the outside, insulating panels, the heat flux flows along
various paths through the air inside the container, each path
having a different thermal resistance “R” depending upon
path length, leading to a different thermal gradient from the
insulating walls to the article inside the container. Therefore,
some parts of the article shipped may be at one temperature
and other parts may be at some other temperature. In
particular, 1f the shipped article 1s placed atop a packet of ice,
the underside of the article may be quite cool while the upper
portions of the article may be excessively warm.

With the foregoing structure, thermal flux enters through
the corrugated outside walls, and 1s attenuated through the
thermal insulated panels 30. It 1s presumed that the PCM
filling the PCM panels 10 1s mitially converted to a solid
such as 1ce. The thermal flux engages the PCM and causes
a gradual phase change of the solid into a liquid at the
melting point of the solid. In the case of water/ice, the
melting point 1s approximately 0° C., and therefore the




US 9,751,682 B2

S

interior temperature will remain at 0° C. for so long as 1t
takes for all the ice to convert to water (144 Btu’s per
pound).

The thermal enclosure 100 1s most eflicient as a cube
system, but 1s not limited to cubes. Side panels 14 can be
different lengths to create rectangular shape thermal enclo-
sure as well. Panels 10 that are the same size would be
interchangeable still allowing the user to cut costs by storing
a limited amount of interchangeable replacement panels 10.

The present invention may be embodied 1n other specific
torms without departing from the spirit or essential attributes
thereot; and 1t 1s, therefore; desired that the present embodi-
ment be considered in all respects as illustrative and not
restrictive, reference being made to the appended claims
rather than to the foregoing description to indicate the scope
of the mvention.

We claim:

1. A thermal control kit comprising:

(a) an outer shell;

(b) a plurality of thermal insulating panels; and

(c) a plurality of phase change material-containing panels;

(d) wherein (1) the outer shell has a base and at least four
sidewalls that define a volume, (1) each and every
thermal insulating panel i1s shaped as a rectangular
cuboid, (111) the plurality of thermal insulating panels
are configured and arranged to form an 1nsulated enclo-
sure having a base and at least four sidewalls within the
volume of the outer shell with each and every of the
plurality of thermal insulating panels abutting more
than two other of the plurality of thermal insulating
panels at first interfaces, (iv) each and every phase
change material-containing panel 1s shaped as a frus-
tum of a night pyramid, (v) the plurality of phase
change material-containing panels are configured and
arranged to form an interior payload retention chamber
having a base and at least four sidewalls meeting at
corners within the mnsulated enclosure with each and
every of the plurality of phase change material-con-
taimning panels physically interfacing with more than
two other of the plurality of phase change materal-
containing panels at second interfaces; and (v1) the first
and second interfaces forming a tortuous path for heat
transier between the outer shell and the interior payload
retention chamber at each and every corner of the
interior payload retention chamber.

2. The thermal control kit of claim 1 wherein the kat
includes at least six separate and distinct 1dentically sized
phase change material-containing panels having a square
base.

3. The thermal control kit of claim 1 wherein each phase
change material-contaiming panel has a bottom surface, a top
surface and side surfaces, and wherein the side surfaces join
the bottom surface at a 45° angle.

4. A method of assembling a thermal control enclosure,
comprising the steps of:

(a) obtaining a thermal control kit 1n accordance with

claim 1;

(b) thermally conditioning the plurality of phase change
material-containing panels;

(¢) placing the thermal insulating panels within the outer
shell with each and every thermal insulating panel
abutting at least two other thermal insulating panels at
first interfaces to define a thermal controlled interior
volume defiming a top, a bottom and at least four sides;
and

(d) placing the thermally conditioned phase-change mate-
rial-contaiming panels within the thermal controlled
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6

interior volume with each and every phase-change
material containing panel abutting at least two other
phase-change material contaimng panels at second
interfaces to define a thermal controlled interior pay-
load retention chamber defining a top, a bottom and at
least four sides;

(¢) whereby the first and second interfaces form a tortuous
path for heat transier between the outer shell and the
interior payload retention chamber at each and every
corner of the interior payload retention chamber.

5. A thermal control shipping container, comprising:

(a) an outer shell;

(b) a plurality of phase change material-containing panels
arranged within the outer shell; and

(¢) a plurality of thermal 1nsulating panels arranged within
the outer shell, between the outer shell and the plurality
of phase change material-containing panels;

(d) wherein (1) each and every thermal insulating panel 1s
shaped as a rectangular cuboid, (11) each and every of
the plurality of thermal 1insulating panels abutting adja-
cent thermal insulating panels at first interfaces, (i11)
cach and every phase change material-containing panel
1s shaped as a frustum of a right pyramid, (1v) each and
every of the plurality of phase change material-con-
tamning panels physically interfacing with adjacent
phase change material-contaiming panels at second
interfaces to form a thermal enclosure having an inte-
rior chamber for receiving an article to be shipped, and
(v) the first and second interfaces forming a tortuous
path for heat transfer between the outer shell and the
interior chamber at each and every corner of the interior
chamber.

6. The thermal control shipping container of claim 3,
comprising at least four separate and distinct i1dentically
s1ized phase change material-containing panels.

7. The thermal control shipping container of claim 5
wherein the thermal insulation panels are at least four
separately formed vacuum insulated panels.

8. The thermal control shipping container of claim 5
wherein each phase-change material-containing panel has a
bottom surface, a top surface and side surfaces, and wherein
the side surfaces join the bottom surface at a 45° angle.

9. The thermal control shipping container of claim 5
wherein the thermal insulation panels are vacuum 1nsulated
panels.

10. The thermal control shipping container of claim 3
wherein the plurality of phase change material-contaiming
panels abut each other at the second interfaces, and paired
first and second interfaces occur proximate and extend
alongside each corner of the thermal enclosure with a plane
defined by each first interface extending at an oblique angle
relative to a plane defined by the paired second interface.

11. The thermal control shipping container of claim 3
wherein (1) the outer shell defines corners, (11) the plurality
ol phase change material-containing panels abut each other
at the second interfaces, (111) a pair of first and second
interfaces occurs proximate and extends alongside each
corner ol the outer shell, (1v) a plane defined by each first
interface 1s offset from the associated corner, and (v) a plane
defined by each second interface encompasses the associated
corner.

12. The thermal control shipping container of claim 3
wherein each thermal insulating panel 1s a planar panel, and
superimposed upon a phase change maternal-containing
panel whereby an internal-facing major surface of each
thermal insulating panel abuts an external-facing major
surface of each phase change material-containing panel.
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13. The thermal control shipping container of claim 5,
wherein each and every of the plurality of phase change
material-containing panels physically interfaces with more
than two other of the plurality of phase change maternal-
containing panels at the second nterfaces to form the
thermal enclosure.

14. The thermal control shipping container of claim 5,
wherein each and every phase change matenal-containing

panel 1s shaped as a four-sided frustum of a right pyramid
having four side surfaces, with at least three of the four side
surfaces of each and every phase change material-containing
panel physically interfacing at the second interfaces with
another of the phase change material-containing panels of
the plurality of phase change material-containing panels.

15. A thermal control shipping container comprising:

(a) an outer shell;

(b) a plurality of phase change material-containing panels
arranged within the outer shell; and

(c) a plurality of thermal insulating panels arranged within
the outer shell, between the outer shell and the plurality
of phase change material-containing panels;

(d) each phase change material-containing panel having a
primary surface facing a respective one of the thermal
insulating panels, each phase change material-contain-
ing panel having a plurality of beveled edge surfaces,

10

15

20

8

the plurality of phase change material-containing pan-
els being arranged with the beveled edge surfaces of
cach phase change material-containing panel engaging
the beveled edge surfaces of at least three adjacent
phase change material-containing panels at an inter-
face, to form an enclosure having an interior chamber
for receiving an article to be shipped, where each
beveled edge surface interface extends along a plane
that 1s at an oblique angled relative to the primary
surfaces of the adjacent phase change material-contain-
ing panels that engage at the interface; and

(¢) each thermal 1nsulating panel having a primary surface

facing a respective one of the phase change material-
containing panels, each thermal insulating panel having,
a plurality of engagement surfaces, the plurality of
thermal insulating panels being arranged adjacent each
other within the outer shell, with the engagement
surfaces of each thermal nsulating panel engaging at
least three adjacent thermal insulating panels at an
interface, the interface of engagement surfaces of the
adjacent thermal insulating panels extending along a
plane that 1s perpendicular to the primary surface of at
least one of the adjacent thermal 1nsulating panels that
engage at the interface.
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